Evaluation of the secondary structure of caldesmon from c.d. spectra revealed that it contains 51 % helix, 9 % f-strand and 40 % of remainder structures. These values agree well with the predicted ones from amino acid sequence, assuming an extended chain structure for caldesmon. The estimates of the secondarystructure elements in C-terminal 34 kDa and 19 kDa fragments
INTRODUCTION
Caldesmon is a protein actively involved in the regulation of smooth-muscle contraction (for reviews, see [1, 2] ). It binds to the protein components of contractile apparatus (actin, myosin and tropomyosin) and affects cycling of cross-bridges between actin and myosin [3, 4] . Functioning of caldesmon can be regulated by Ca2l and calmodulin.
Smooth-muscle caldesmon is a thin elongated molecule approx. 76 nm in length and 2 nm in diameter [5] . The central portion is 30-40 nm long and serves as a 'spacer' between two active domains each about 20 nm long with more flexible conformations [6] . Since the latter domains are involved in the binding of caldesmon to actin, tropomyosin, calmodulin and myosin, it is believed that they are responsible for the functional properties of caldesmon.
Previous studies on the secondary structure of caldesmon have yielded a range of results with estimates of helicity from c.d. spectroscopy of 10 % [7] or 40 % [8] , whereas the value predicted from the amino acid sequence was 80-85 % [9] .
There are several methods commonly used for evaluation of the secondary structure of protein from c.d. spectra (for a review, see [10] ). However, almost all of them are based on the X-ray structure of globular proteins. In order to account for the rodlike shaped caldesmon, we have used a modification of the method of Provencher and Gl6ckner [11] in which 16 reference c.d. spectra of globular proteins were extended to a total of 20, including four with non-globular structure [12] . The original method [11] was used for evaluation of the secondary structure of C-terminal 34 kDa and 19 kDa fragments of caldesmon that, like the intact protein, bind to actin and inhibit actin-activated ATPase activity of myosin [13, 14] . The estimations of the secondary structure were compared with the data predicted from primary structure of caldesmon and its C-terminal fragments on the basis of the ALB algorithm [15] .
MATERIALS AND METHODS Preparailon of proteins
Chicken gizzard caldesmon was prepared by the procedure of Bretscher [16] . The C-terminal 34 kDa fragment was obtained by chymotryptic cleavage of caldesmon as described by Szpacenko and DIbrowska [13] and purified as described by Czurylo et al. [17] . The C-terminal 19 [14] . The concentration of the caldesmon and its fragments was calculated from nitrogen content determined by a micromethod of Jaenicke [18] .
U.v. spectroscopy Absorption spectra of caldesmon or its fragments were recorded on a Cary 219 (Varian) spectrophotometer over wavelength range 240-400 nm at 20°C at a protein concentration range of 0.6-1.4 mg/ml in 5 mm rectangular cell; an analogous cell containing solvent alone was placed in the reference beam. U.v. spectra of caldesmon and its C-terminal fragments were recorded in 50 mM cacodylate/NaOH buffer, pH 7.0, containing 0.5 mM ,f-mercaptoethanol, 0.5 mM EGTA and 0.02 mM NaN3.
Calculations of the absorption coefficients were corrected for solution turbidity as described in [19] by plotting the dependence of log absorbance of the solution versus log wavelength and extrapolating the linear dependence between these values over the absorption range of 320-400 nm to 240-300nm. Absorption coefficients obtained from experimental data were compared with those calculated using the values of the molar absorption coefficients of tyrosine and tryptophan (1405 and 5579 M-l -cm' respectively [20] ; see Table 1 Calibration of wavelength and scale of spectropolarimeter were done according to the procedure described elsewhere [22] .
Evaluatlon of the secondary structure from c.d. spectra
The [11] , in which the number of reference spectra was extended to 20 [12] . These additional spectra originated from: oxidized ribonuclease A (pH 2.0 at 20 C), staphylococcal nuclease (pH 3.0 at 6 and 70°C) and the peptide Glu-Lys-Lys-Leu-Glu-Glu-Ala (pH 2.0 at 10°C) which, under these conditions, do not form tertiary structure [23] .
Prediction of the secondary structure
The algorithm ALB [15] was used for prediction of the secondary structure of caldesmon and its C-terminal fragments from the amino acid sequence. This non-statistical method uses short-and middle-range interactions to predict the secondary structure and long-range interactions (in the simplest version of the 'floating logs' model) to predict tertiary structure. Therefore, the algorithm ALB offers possibility of predicting the structure of polypeptide chains with and without globular structure, and was successfully applied for many proteins (for details, see [24] Secondary-structure estimation and predlction
The estimates of the secondary-structure elements of intact caldesmon and its fragments from the experimental data shown in Figure l (a) are presented in Table 2 , together with the values predicted from the amino acid sequence. In the case of intact caldesmon the best agreement of the experimental data with the predicted values is obtained by assuming an extended state. In this state caldesmon has 51 % of amino acid residues involved in helical structure, 11 % in fl-strands, 9 % in f-turns and loops, while the remaining 30% of the protein is unstructured. If caldesmon is assumed to be in a globular state, then the percentage of helical and fl-structural amino acid residues would decrease to about one-half of that in a rod-shaped model, and unstructured amino acid residues would increase to about 70 %. The probable locations of the helical and fl-strands regions of caldesmon are presented in Figure 2 . On the basis of the secondary-structure prediction of caldesmon it can be supposed that it is composed of six structurally different domains ( Figure 3 and Table 3 ). Domain 1 has about 53 % helical structure and contains five helices of different length and one short fl-strand region, while domains 3 and 5 form strong helices, composed of 172 and 67 residues respectively. Domains 2 and 6 have a/fl character. In the former there is more fl-strand than helix, while in the latter the converse is true. Both domains may also be folded into a globule-like structure. Domain 4 is less structured and contains two short helical regions.
The C-terminal 34 kDa fragment of caldesmon is comprised of the second half of domain 4 and domains 5 and 6, whereas the 19 kDa fragment is solely domain 6, missing only the 14 Nterminal amino acid residues (Figure 3) . The results of the secondary-structure predictions for these fragments are the closest to those calculated from the c.d. spectra, assuming their globular conformation (Table 2) . Predictions made assuming an extended structure for these fragments gave values significantly different from the experimental data and also from the values predicted for the fragments in the intact protein ( Table 2 ). The probability of distribution of the predicted structured regions of both fragments are presented in Figure 4 . Table 2 also shows predictions of the secondary structure for 
fragment (----) and the 19 kDa fragment (------).
All measurements were performed in 50 mM cacodylate buffer, pH 7.0, containing 0.5 mM EGTA, 0.5 mM fi-mercaptoethanol and 0.02 mM NaN3 in the range of the protein concentrations of 0.6-1.4 mg/ml. Table 2 Comparison of the secondary structure of caldesmon and Its fragments calculated from c.d. spectra and predicted from amino acid sequence aEstimations of the secondary structure from c.d. spectra were performed by the method of Provencher and Glockner, unmodified [11] in the case of 34 kDa and 19 kDa fragments and modified (spectrum database was extended with the data for extended polypeptide chain) in the case of caldesmon. Predictions were based on the Ptitsyn and Finkelstein [15] ALB algorithm assuming: bextended structure of caldesmon and its fragments in the native molecule, cextended structure of isolated fragments and dglobular structure of isolated fragments. Figure 5 shows probability of distribution of secondary-structure elements of the 33 kDa fragment isolated and in intact caldesmon. used to fit our data must be extended to include non-globular proteins. The extended Provencher and Gl6ckner method [11] without any co-operativity. Similar temperature melting features of caldesmon were reported also by Wang et al. [25] . respective structures. Amino acid residues are numbered as described by Bryan et al. [9] . between domains 3 and 4 in four-domains model are included into domain 6 in six-domains model. The location of helical domains (1, 3 and 5) in our model is in good agreement with the predictions of Wang et al. [25] , calculated according to Gibrat et al. [27] .
Lack of unstructured peptides connecting domains in our model enables a description of the structure of non-muscle isoforms of caldesmon which are devoid of a central, helical domain. In the case of four-domains model [1] removal of domain 2 evokes complication in extension of unstructured domain 1-3-linked region to around 70-100 amino acid residues (depending on the source of non-muscle caldesmon). The existence of such a long, unstructured region in the centre of the protein is very improbable. In our model the unstructured region spans only 30 amino acid residues. Moreover, detailed analysis of these parts of polypeptide chain of caldesmon that connect domains (in four-domains model) suggests that they are not always unstructured (see Figure 2) . However, existence of loops and turns in these regions facilitates protcolytic cleavage. For example, as is shown on Figure 3 , the first split of caldesmon by chymotrypsin takes place at the Trp450 of unstructured domain 4 [13] . Further chymotryptic digestion, which produces the central 33 kDa and 15 kDa fragments, occurs within domains 2 and 6, which are rich in turns and loops [25, 28] . Thrombic cleavage of caldesmon producing 15 kDa fragment [29] takes place in the vicinity of the border of domain 5, and the cleavage sites at Lys497 and Arg593 are located between structured regions.
It should be noted that, for the C-terminal 150 amino acid residues of caldesmon, the probability of both helix and fl-strand formation, although higher than in previous predictions [1, 25, 26] , is still very low (Figure 4) . Moreover, the predicted secondary structure of the isolated C-terminal 34 kDa and 19 kDa fragments (assuming their globular state) differs from the structure of these fragments in intact caldesmon ( Table 2 ; Figure 4 ). These complications originate from the imperfection of the program for this particular sequence. However, it cannot be excluded that differences in structure mentioned are due to the isolation procedure.
Comparison of the predicted helical content of the central 33 kDa fragment with that estimated from c.d. measurements by Wang et al. [25] (Table 2; Figure 5 ) indicates that its secondary structure is the same regardless of whether it exists in the intact protein or the isolated form.
